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ABSTRACT 

Measurements of t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  i n  t h e  

v i c i n i t y  of t h e  moon have been made from l u n a r  o r b i t  on t h e  

Exp lo re r  35 s p a c e c r a f t .  They show no shock waves i n  t h e  v i c i n -  

i t y  of t h e  moon, e i t he r  i n  f r o n t  of t h e  moon or w i t h i n  5.4 RM 

behind  t h e  moon. The i n t e r p l a n e t a r y  magnet ic  f i e l d  a p p e a r s  t o  

be convec ted  p a s t  t h e  l u n a r  body wi thou t  much d i s t o r t i o n .  A 

r e g u l a r  p a t t e r n  of magnet ic  p e r t u r b a t i o n s  is observed  when 

p a s s i n g  th rough  t h e  l u n a r  wake. The p e r t u r b a t i o n  ampl i tude  is 

s m a l l  and v a r i a b l e ,  t y p i c a l l y  less t h a n  3% of t h e  ambient 

i n t e r p l a n e t a r y  magnet ic  f i e l d .  

Simultaneous measurements made by Exp lo re r  33 w h i l e  i n  

the  i n t e r p l a n e t a r y  medium b u t  n o t  i n  t h e  l u n a r  wake show t h a t  

3ven s h a r p  changes i n  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  are  

eound e s s e n t i a l l y  u n d i s t o r t e d  i n  t h e  l u n a r  wake. These s imul-  

taneous measurements a l s o  h e l p  t o  i d e n t i f y  t h e  magnet ic  p e r t u r -  

\ 

> a t i o n  p a t t e r n  i n  t h e  wake r eg ion .  
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INTRODUCTION 

I n  p rev ious  p u b l i c a t i o n s  (Ness e t  a l . ,  1967; N e s s  e t  a l . ,  

1968, h e r e a f t e r  c a l l e d  p a p e r s  I and 111, e a r l y  r e s u l t s  of t h e  

GSFC magnet ic  f i e l d  experiment  on l u n a r  E x p l o r e r  35 were re- 

p o r t e d .  The d a t a  p r e s e n t e d  were from t h e  f i r s t  month a f t e r  

launch  and t h u s  covered  o n l y  a p o r t i o n  of t h e  r e g i o n  around 

t h e  moon e v e n t u a l l y  mapped o u t  by E x p l o r e r  35.  The purpose 

of t h i s  paper is twofo ld :  

1. t o  p r e s e n t  d a t a  t a k e n  throughout  t h e  f i r s t  s i x  months 

of s p a c e c r a f t  o p e r a t  i o n  

2.  t o  p r e s e n t  s imul t aneous  d a t a  from a magnet ic  f i e l d  

experiment on a n o t h e r  s p a c e c r a f t  l o c a t e d  i n  t h e  i n t e r -  

p l a n e t a r y  medium i n  c i s - l u n a r  space .  

The r e s u l t s  of  ea r l ie r  p u b l i c a t i o n s  ( p a p e r s  I and 11, Lyon 

e t  a l . ,  1967 and Colburn e t  a l . ,  1967) are s u b s t a n t i a t e d  i n  t h i s  

s t u d y  and w i l l  on ly  be b r i e f l y  t r e a t e d .  Two new o b s e r v a t i o n s  

are  r e p o r t e d  h e r e .  

1. The d a t a  show no ev idence  of a t a i l  shock i n  t h e  l u n a r  

wake ( sugges t ed  by Michel ,  1967) o u t  t o  a p o s e l e n e  of 

Explorer  35 ,  or 5 . 4  RM (RM=1738 km). 

2.  Simultaneous measurements of t h e  i n t e r p l a n e t a r y  magnet ic  

f i e l d  i n d i c a t e  t h a t  inhomogenei t ies  i n  t h e  i n t e r p l a n e t a r y  

magnet ic  f i e l d  are  found e s s e n t i a l l y  u n d i s t o r t e d  i n  t h e  

plasma wake of  t h e  moon. The s i m u l t a n e o u s  measurements 
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are a l so  used  t o  show t h a t  t h e  c h a r a c t e r i s t i c  p a t t e r n  

of magnet ic  p e r t u r b a t i o n s  obse rved  i n  t h e  l u n a r  wake 

is due t o  t h e  p re sence  of t h e  moon, i . e . ,  does  no t  

e x i s t  i n  t h e  und i s tu rbed  i n t e r p l a n e t a r y  medium. 

The d e t a i l s  of t h e  s p a c e c r a f t  o r b i t  have been g iven  i n  

t h e  ear l ier  r e p o r t s  and w i l l  not be r e p e a t e d  h e r e .  Repre- 

s e n t a t i v e  o r b i t s  from t h e  first s i x  months a f t e r  launch  are 

shown i n  F i g u r e  1. I t  can be seen t h a t  d u r i n g  t h i s  p e r i o d  

t h e  s p a c e c r a f t  makes many passes  th rough  t h e  l u n a r  wake r e g i o n  

from s e l e n o c e n t r i c  r a d i a l  d i s t a n c e s  of  less t h a n  2 RM t o  d i s -  

t a n c e s  g r e a t e r  t h a n  5 RM. A l l  t h e  data p r e s e n t e d  i n  t h i s  re- 

p o r t  are  t a k e n  from p e r i o d s  when t h e  moon and  the  s p a c e c r a f t  

were i n  t h e  i n t e r p l a n e t a r y  medium on t h e  sunward s i d e  of t h e  

e a r t h ' s  bow shock .  

The GSFC magnet ic  f i e l d  experiment w a s  described i n  d e t a i l  

i n  papers I and 11. The data p resen ted  h e r e  a re  sequence ave r -  

a g e s  (81.8 second ave rages )  of  nominal ly  16 i n d i v i d u a l  v e c t o r  

measurements.  The c o o r d i n a t e s  used are  s e l e n o c e n t r i c  s o l a r  

e c l i p t i c .  A d e s c r i p t i o n  of t h e  data a n a l y s i s  is c o n t a i n e d  i n  

paper  I I .  

The s imul t aneous  d a t a  p re sen ted  here a re  from t h e  Exp lo re r  

33 s p a c e c r a f t  whose o r b i t  a n d  experiment were d e s c r i b e d  i n  de- 

t a i l  by Behannon (1968).  F igure  2 shows t h e  o r b i t  of Exp lo re r  

33 as w e l l  a s  t h e  p o s i t i o n  of  t h e  moon d u r i n g  t h e  f i r s t  l u n a r  

month a f t e r  t h e  launch  of Explorer  3 5 .  



DISCUSSION OF THE EXPERIMENTAL OBSERVATIONS 

Examples of t h e  s imul t aneous  measurement of t h e  i n t e r -  

p l a n e t a r y  magnetic f i e l d  are shown i n  F i g u r e  3. The s o l i d  l i n e s  

are  f o r  Exp lo re r  35 p a s s i n g  th rough  t h e  l u n a r  wake wh i l e  t h e  

d o t t e d  l i n e s  are f o r  Exp lo re r  33. A t  2200 UT on September 9 

t h e  two s p a c e c r a f t  were s e p a r a t e d  by a d i s t a n c e  of 29.6 RE or 

108.5 RM (RE=6378 k m ) .  

e v i d e n t  t h a t  t h i s  d i s t a n c e  on ly  changes s lowly  d u r i n g  t h e  t i m e  

f o r  which data are  shown. A t  1100 on September 10 t h e  d i s t a n c e  

had decreased  t o  25.0 RE o r  91.8 RM. 

From t h e  o r b i t  p l o t  ( F i g u r e  2) it is 

The magnetic f i e l d  measurements of t h e  two independent  

s p a c e c r a f t  a r e  c l ea r ly  q u i t e  s imi l a r .  I n  t h e  l u n a r  wake t h e  

c h a r a c t e r i s t i c  p a t t e r n  of change i n  t h e  f i e l d  magnitude is 

r e a d i l y  i d e n t i f i a b l e .  The magnitude of t h e  f i e l d  a t  E x p l o r e r  

35 is s t r o n g e r  i n  t h e  plasma umbra and on t h e  o u t e r  edges  of 

t h e  penumbra t h a n  t h e  co r re spond ing  f i e l d  i n  t h e  u n d i s t u r b e d  

solar  wind a t  Exp lo re r  33. S i m i l a r l y  t h e  f i e l d  is weaker i n  

t h e  penumbral r e g i o n  behind  t h e  moon t h a n  i n  t h e  u n d i s t u r b e d  

i n t e r p l a n e t a r y  medium. (The + - + - + p a t t e r n  and t h e  concep t s  

of  t h e  plasma umbra and penumbra were d i s c u s s e d  i n  paper  1 1 . )  

The d i f f e r e n c e s  i n  t h e  f i e l d  a t  t h e  t w o  s p a c e c r a f t ,  w h i l e  

pe rhaps  not  a s  s t r i k i n g  a s  t h e  s i m i l a r i t i e s ,  are  a t  t i m e s  l a r g e r  

t h a n  t h e  expec ted  expe r imen ta l  e r r o r s .  T h i s  i n d i c a t e s  t h a t  t h e  

d i f f e r e n c e s  may be  rea l ,  r e f l e c t i n g  t empora l  or s p a t i a l  s t r u c t u r e  
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i n  t h e  magnet ic  f i e l d .  Theor i e s  of t h e  i n t e r a c t i o n  of t h e  

so la r  wind w i t h  t h e  moon (e.g. ,  Whang 1968; S p r e i t e r  e t  a l . ,  

1968) p r e d i c t  r e l a t i v e l y  small d i r e c t i o n a l  changes i n  t h e  

f i e l d  ( t y p i c a l l y  15O or less f o r  r e p r e s e n t a t i v e  so la r  wind 

c o n d i t i o n s ) .  Thus it is  convenient  t o  r e g a r d  these d i f f e r e n c e s  

i n  d i r e c t i o n  measured by t h e  two s p a c e c r a f t  a s  be ing  p r i m a r i l y  

due t o  s p a t i a l  and/or  tempora l  s t r u c t u r e  i n  t h e  i n t e r p l a n e t a r y  

magne t i c  f i e l d  and n o t  a s s o c i a t e d  w i t h  t h e  l u n a r  wake. (Such 

an  approach  is a l s o  s u g g e s t e d  e x p e r i m e n t a l l y  by t h e  s m a l l n e s s  

of t h e  p e r t u r b a t i o n s  i n  t h e  m a g n e t i c  f i e l d  magnitude a s s o c i a t e d  

w i t h  t h e  l u n a r  wake.) 

Data from t h e  n e x t  two passes  of E x p l o r e r  35 th rough  t h e  

l u n a r  wake are shown i n  F i g u r e  4 ,  t o g e t h e r  w i t h  t h e  cor respond-  

i n g  E x p l o r e r  33 measurements.  Bes ide  showing t h e  c h a r a c t e r i s t i c  

magni tude p e r t u r b a t i o n s  these  passes  i l l u s t r a t e  one of t h e  prob- 

l e m s  a s s o c i a t e d  w i t h  p r e s e n t i n g  s imul t aneous  data ,  i . e . ,  t h e  

problem of de t e rmin ing  a p p r o p r i a t e  t i m e  o f f se t s .  I n  F i g u r e  4a  

t h e  t i m e  o f f s e t  w a s  chosen t o  make t h e  temporary i n c r e a s e  i n  

t h e  azimuth a n g l e ,  8 , s e e n  a t  b o t h  spacecraft c o i n c i d e  on t h e  

p l o t .  There are few o the r  d i s t i n c t i v e  f e a t u r e s  by which t h i s  

t i m e  o f f se t  can be checked. T h i s  a l i g n m e n t ,  however, leads t o  

a n  u n u s u a l l y  l a r g e  t i m e  o f f s e t .  I n  t h i s  case t h e  u n c e r t a i n t y  

i n  t he  t i m e  o f f s e t  does  n o t  s i g n i f i c a n t l y  effect  t h e  i d e n t i f i -  

c a t i o n  of t h e  magnitude p e r t u r b a t i o n s  because  t h e  f i e l d  magni- 

t u d e  a t  Exp lo re r  33 is e s s e n t i a l l y  c o n s t a n t  th roughout  t h e  
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e n t i r e  pe r iod  ~ 

I n  f i g u r e  rlb, some 11 .5  hour s  l a t e r ,  a v e r y  s m a l l  t i m e  

o f f s e t  seems t o  g i v e  r e a s o n a b l e  cor respondence  between t h e  

two sets  of d a t a .  I t  pe rhaps  s h o u l d  be n o t e d  t h a t ,  a s  in -  

d i c a t e d  i n  F i g u r e  2 ,  t h e  s p a c e c r a f t  are s e p a r a t e d  p r i m a r i l y  

i n  t h e  s o l a r  e c l i p t i c  y d i r e c t i o n  d u r i n g  t h i s  p e r i o d .  Thus 

even i f  t h e  f i e l d  is r i g i d l y  f r o z e n  i n t o  t h e  plasma,  t h e  ex- 

i s t e n c e  of s p a t i a l  s t r u c t u r e  o n  a sca le  l e n g t h  of  t h e  o r d e r  of  

t h e  s a t e l l i t e  s e p a r a t i o n  o r  less w i l l  l e a d  t o  d i f f e r e n c e s  a t  

t h e  two s p a c e c r a f t .  Such s p a t i a l  s t r u c t u r e  can a l s o  l e a d  t o  

d i f f e r e n t  t i m e  o f f s e t s  a t  d i f f e r e n t  t i m e s .  When t h e  

s p a c e c r a f t  s e p a r a t i o n  i s  p r i m a r i l y  i n  s o l a r  e c l i p t i c  X ,  as  oc- 

c u r r e d  l a t e  on September 1 2 ,  1967, t h e  plasma sampled by one 

s p a c e c r a f t  is subsequen t ly  seen by t h e  o t h e r  and i f  t h e  f i e l d  

is  t r u l y  f rozen  i n  i d e n t i c a l  f i e l d s  shou ld  

be  seen  wi th  a p r e d i c t a b l e  t i m e  d e l a y .  

F i g u r e  5a shoNs a pass of Exp lo re r  35 behind  t h e  moon and 

t h e  cor responding  E x p l o r e r  33 d a t a  on September 1 2 ,  1967. A t  

2000 UT t h e  s p a c e c r a f t  were s e p a r a t e d  by o n l y  13 .0  RE or 47.7 RM, 

a s  shown i n  F i g u r e  2 .  T h i s  pass ,  l i k e  t h o s e  shown i n  F i g u r e  4 ,  

is t y p i c a l  of a number of passes i n  which t h e r e  are no s i g n i f i c a n t  

changes i n  t h e  f i e l d  at e i t h e r  s a t e l l i t e  and o n l y  a p o r t i o n  of 

t h e  + - + - + p a t t e r n  js i d e n t i f i a b l e .  

A more i n t e r e s t i n g  and less  t y p i c a l  p a s s  is shown i n  F i g u r e  

5b. The d a t a  were t a k e p  on September 13, 1967 about 3 hours  a f t e r  

t h e  beginning of a geomagnet ic  storm on e a r t h ,  t h e  SC o c c u r r i n g  



a t  0345 UT. 

Abrupt d i s c o n t i n u i t i e s  are  ev iden t  i n  t h e  magnet ic  f i e l d  a t  

b o t h  s p a c e c r a f t  and t h e  coherence between t h e  two is remark- 

a b l e .  These e v e n t s  have been s t u d i e d  i n  more d e t a i l  by N e s s  

(1968) u s i n g  i n d i v i d u a l  d a t a  p o i n t s  a t  5 second i n t e r v a l s .  

I n s p e c t i o n  of even t h e  81.8 second sequence ave raged  d a t a  of 

F i g u r e 5 b s h o w s  t h a t  changes i n  t h e  i n t e r p l a n e t a r y  magnet ic  

f i e l d  are  found e s s e n t i a l l y  u n d i s t o r t e d  i n  t h e  l u n a r  wake. 

T h i s  i n d i c a t e s  t h a t  t h e  e f f e c t i v e  r e sponse  t i m e  of zhe moon 

is s m a l l  compared w i t h  t h e  time f o r  t h e  s o l a r  wind t o  convect  

t h e  d i s c o n t i n u i t y  p a s t  t h e  moon. 

A t  0700 UT t h e  two s p a c e c r a f t  were 16.0 RE a p a r t .  

The o b s e r v a t i o n s  t h u s  f a r  p r e s e n t e d  have a l l  been from 

r e g i o n s  of t h e  l u n a r  wake w i t h i n  about  3 . 5  RM of t h e  c e n t e r  of 

t h e  moon. During t h e  month of November t h e  a p o s e l e n e  of t h e  

o r b i t  of Exp lo re r  35 swept through t h e  l u n a r  wake and t h u s  

d u r i n g  t h i s  p e r i o d  Exp lo re r  35 made measurements of t h e  wake 

a t  t h e  g r e a t e s t  s e l e n o c e n t r i c  r a d i a l  d i s t a n c e s .  F i g u r e  6 shows 

t h e  o r b i t s  of Exp lo re r  33 and t h e  moon f o r  t h e  l u n a r  month from 

which d a t a  a re  p r e s e n t e d  i n  F igure  7 .  F i g u r e  7a is a p a s s  on 

November 2 5 ,  1967 whi l e  F i g u r e  7b is f o r  November 28 .  During 

t h i s  p e r i o d  t h e  s p a c e c r a f t  were s e p a r a t e d  by d i s t a n c e s  of 65 t o  

75 RE. I n  e a c h  of t h e s e  passes  t h e  s p a c e c r a f t  d i d  no t  e n t e r  t h e  

o p t i c a l  shadow a s  can be s e e n  from t h e  diagram i n  t h e  upper r i g h t  

hand c o r n e r .  Thus on t h e s e  passes  t h e  s p a c e c r a f t  d i d  n o t  t r a v e r s e  

t h e  umbral r e g i o n  of t h e  wake. T h i s  is perhaps  t h e  r eason  f o r  
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t h e  dep res s ion  of t h e  f i e l d  measured by Exp lo re r  35 d u r i n g  t h e  

November 25 p a s s .  The s a t e l l i t e  a p p a r e n t l y  s p e n t  i ts t i m e  i n  

t h e  penumbral d e c r e a s e  r e g i o n  and n o t  i n  t h e  umbral increase 

r e g i o n .  I n  n e i t h e r  of t h e s e  p a s s e s  is t h e r e  a s h a r p  increase 

i n  t h e  f i e l d  magnitude which might be i d e n t i f i e d  a s  a shock no r  

any s i g n i f i c a n t  increase i n  t h e  RMS d e v i a t i o n s ,  Throughout t h e  

two p a s s e s ,  t h e  RMS d e v i a t i o n s  a r e  OF <- 0 . 7  Y and 0 . 2  Y ,  res- 

p e c t i v e l y ,  i n d i c a t i n g  a r e l a t i v e l y  s t e a d y  f i e l d .  

A s imi la r  p a s s  t aken  on December 4 ,  1967 is shown i n  F i g u r e  

Although Exp lo re r  8 when t h e  t w o  s p a c e c r a f t  were 27.0 RE a p a r t .  

35 d i d  expe r i ence  a s h o r t  o p t i c a l  shadow on t h i s  p a s s  it a p p a r e n t l y  

d i d  n o t  e n t e r  t h e  umbral r e g i o n  of t h e  plasma shadow s i n c e  t h e  

f i e l d  magnitude is a g a i n  somewhat dep res sed  throughout  t h e  r e g i o n  

around t h e  shadow. Again t h e r e  is no ev idence  of any t a i l  shock 

i n  t h e  d a t a  and t h e  broad f i e l d  magnitude d e c r e a s e  is e v i d e n t .  

SUMMARY 

The a n a l y s i s  of a number of p a s s e s  of Exp lo re r  35 t h rough  

t h e  l u n a r  wake throughout  t h e  f i r s t  6 months of t h e  s p a c e c r a f t  

l i f e t i m e  has s u b s t a n t i a t e d  t h e  f i n d i n g s  of e a r l i e r  p a p e r s .  I n  

p a r t i c u l a r ,  t h e r e  e x i s t s  a c h a r a c t e r i s t i c  p a t t e r n  of p e r t u r b a -  

t i o n s  of t he  i n t e r p l a n e t a r y  magnet ic  f i e l d  i n  t h e  l u n a r  wake 

r e g i o n .  The p e r t u r b a t i o n s  are i d e n t i f i a b l e  i n  t h e  measurements 

of  t h e  magnitude of t h e  f i e l d  and c o n s i s t  of a series of i n c r e a s e s  

and dec reases  r e l a t i v e  t o  t h e  magnitude of t h e  u n d i s t u r b e d  i n t e r -  

p l a n e t a r y  magnetic f i e l d .  
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B e s i d e s  t h i s  + - + - + p e r t u r b a t i o n  of t h e  f i e l d  magnitude,  

s imul t aneous  t w o - s a t e l l i t e  measurements of t h e  v e c t o r  magnet ic  

f i e l d  show t h a t  t h e  presence  of t h e  moon does  n o t  s i g n i f i c a n t l y  

a l t e r  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d .  Changes observed  i n  

t h e  u n d i s t u r b e d  s o l a r  wind are found e s s e n t i a l l y  u n d i s t o r t e d  

i n  t h e  l u n a r  wake, and t h u s  t h e  response  t i m e  of t h e  moon t o  

such  changes is comparable t o  o r  fas te r  t h a n  t h e  t i m e  f o r  con- 

v e c t i o n  of  t h e  change p a s t  t h e  moon. 

A s e a r c h  f o r  a sudden i n c r e a s e  i n  t h e  f i e l d  magnitude or 

f l u c t u a t i o n s  expec ted  across a shock y i e l d e d  n e g a t i v e  r e s u l t s .  

The s p a c e c r a f t  mapped a r e g i o n  of t h e  l u n a r  wake o u t  t o  about  

5 . 4  RM s e l e n o c e n t r i c  r a d i a l  d i s t a n c e  and a s  y e t  no th ing  h a s  

been found t h a t  resembles t h e  t a i l  shock p r e d i c t e d  by Michel 

(1967) .  However, a t  t h e  l a r g e  r a d i a l  d i s t a n c e s  down t h e  wake 

Exp lo re r  35 w a s  approximate ly  1 RM from t h e  c e n t e r  of t h e  o p t i c a l  

shadow. 

Apar t  from t h e  s m a l l  wake p e r t u r b a t i o n s  mainly e v i d e n t  i n  

t h e  f i e l d  magnitude,  t h e  p re sence  of t h e  moon h a s  no o t h e r  iden-  

t i f i a b l e  e f fec t  on t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d .  These re- 

suits do n o t  s u p p o r t  t h e  e a r l i e r  r e p o r t  of a l u n a r  wake a t  150 

downstream of t h e  moon based on d a t a  o b t a i n e d  by IMP 1 ( N e s s ,  1965) 

The magne t i c  effects  of t h e  moon on t h e  i n t e r p l a n e t a r y  magnet ic  

f i e l d  can  be summarized by t h e  s t a t emen t  t h a t  t h e  moon behaves 

l i k e  a p o o r l y  conduc t ing ,  nonmagnetic body w i t h  a n e g l i g i b l e  per-  

% 

manent magne t i c  f i e l d .  
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F i g u r e  1. 

F i g u r e  2.  

F i g u r e  3. 

FIGURE CAPTIONS 

S e l e c t e d  o r b i t s  from t h e  irst s i x  months a f t e r  

launch  of Exp lo re r  35 ,  p r o j e c t e d  i n t o  t h e  s e l e n o -  

cen t r ic  so la r  e c l i p t i c  x ,  y p l a n e .  D i s t a n c e s  a r e  

i n  l u n a r  r a d i i .  Each o r b i t  is l a b e l e d  n e a r  apose-  

l e n e  w i t h  its d a t e .  

An x, y g e o c e n t r i c  so la r  e c l i p t i c  p r o j e c t i o n  of 

t h e  o r b i t s  of E x p l o r e r s  33, 34 and 35 .  D i s t a n c e s  

are i n  e a r t h  r a d i i .  Simultaneous Exp lo re r  33, 35 

d a t a  are  p r e s e n t e d  from t h e  p e r i o d  September 9-13 

when b o t h  s p a c e c r a f t  were n e a r  t h e  dusk m e r i d i a n .  

Simultaneous Exp lo re r  33 - Explo re r  35  magnet ic  

f i e l d  measurements p r e s e n t e d  i n  so l a r  e c l i p t i c  

c o o r d i n a t e s .  F is t h e  f i e l d  magnitude i n  gammas, 

8 i ts  l a t i t u d e  a n g l e  (Oo is i n  t h e  e c l i p t i c  p l a n e  

and p o s i t i v e  a n g l e s  are  n o r t h w a r d ) ,  and cp is t h e  

az imuth  a n g l e  (Oo is toward t h e  sun and 90° toward 

dusk . )  6F is t h e  s t a n d a r d  d e v i a t i o n  of t h e  16 meas- 

urements  of t h e  f i e l d  magnitude i n  each  d a t a  p o i n t .  

The p o s i t i o n  of Exp lo re r  35  r e l a t i v e  t o  t h e  moon is 

shown i n  e c l i p t i c  p l a n e  p r o j e c t i o n  i n  t h e  upper  l e f t  

f o r  each  p a s s .  The diagram i n  t h e  upper  r i g h t  of 

each  p a s s  is a p r o j e c t i o n  of  t h e  o r b i t  on a p l a n e  

p e r p e n d i c u l a r  t o  t h e  moon-sun l i n e .  The Z a x i s  

i n  t h i s  diagram t aken  t o  be p e r p e n d i c u l a r  t o  t h e  
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ave rage  magnet ic  f i e l d ,  i n  t h e  d i r e c t i o n  of 

<%x?. The o p t i c a l  shadow on Exp lo re r  35  is 

i n d i c a t e d .  The + and - s i g n s  i n d i c a t e  r e g i o n s  

where t h e  f i e l d  magnitude measured by Exp lo re r  

35 is r e s p e c t i v e l y  g r e a t e r  t h a n  and less  t h a n  

t h a t  a t  Exp lo re r  3 3 .  The v a l u e  of t h e  3-hour 

terrestr ia l  magnetic a c t i v i t y  index  Kp a t  t h e  

t i m e  of t h e  pas s  is a l so  g iven .  

F i g u r e  4 .  Same format  a s  F igu re  3. The measurements by 

b o t h  s p a c e c r a f t  i n d i c a t e  t h a t  t h e  i n t e r p l a n e t a r y  

f i e l d  w a s  r e l a t i v e l y  s t e a d y  d u r i n g  t h i s  p e r i o d  of 

5b i l l u s t r a t e s  a \ 
l o w  Kp. 

F i g u r e  5 .  Same format  as F igure  

t r a v e r s a l  of t h e  a magnet ic  s torm 

on e a r t h .  , 

F i g u r e  6 .  O r b +  -' and t h e  moon for t h e  f i f t h  

launch of Exp lo re r  35 a s  i n  F i g u r e  

,leous da t a  are p r e s e n t e d  for 3 p a s s e s  

, t h e  p e r i o d  shown h e r e :  November 25 ,  November 

-6 and December 4 .  

d .  Same format 8s F igure  3. Note t h a t  Explorer  35  does 

n o t  e n t e r  t h e  o p t i c a l  shadow on these p a s s e s .  

F i g u r e  8 ,  Same format  as F igure  3. Explo re r  35 is s e e n  t o  be 

shadowed by t h e  moon o n l y  b r i e f l y  du r ing  t h i s  p a s s .  
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